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Abstract:To develop a simple gas chromatography method for simultaneous determining aldehydes and phenols in haw-
thorn seeds dry distillated oil. Firstly,a systematic characterization strategy by using GC-MS/MS analysis was carried out
and the relative” contents of the 'compounds were determined by using the normalization method. The NIST identified 62
compounds, The main_components are aldehydes which account for 55.96% of the total content,The content of an GC-
FID method for detérmination of main components in hawthorn seeds dry distillated oil (furfural , guaiacol ,2 ,6-two meth-
yl phenol ,2-methyl phenol, phenol,2-methoxy-4-methyl phenol,2,6-two methoxy phenol, Tetrachloroguaiacol 1,2 ,3-tri-
methyl-benzene, 3,4, 5-Trimethoxy toluene ) , The recovery range is 100. 06% -102. 44% , and the range of RSD is
2.98% 4.57% . In conclusion, the established GC-FID test method is simple, rapid, accurate , sensitive and reproduci-
ble. It is suitable for the quantitative analysis of the 10 active compounds in hawthorn seeds dry distillated oil.
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Fig. 1 GC-MS total ion chromatogram (TIC) of hawthorn
seeds dry distillated oil
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Table 1 Identification results of components in hawthorn seeds dry distillated oil by GC-MS
R e
5 ooty AR i AT
. tg Relative content
No. Compound Molecular formula .
('min) (%)
1 1-IR P He-2-P5 1 1-propyl-2-acetone CeH,, 0 5.355 0.06
2 3 4-c i 3 ,4-hexanedione CeH,,0, 5.420 0.05
3 12 H g Methyl valerate CeH,, 0, 6.385 0.04
4 HBERE furfural CsH, 0, 6.695 54.66
5 3-F 331445 2 -] 3-methyl-3-amyl-2-ketone CeH,;oO 6. 860 0.04
6 (R)-( +)-3-HEIR KM (R)-( +)-3-methyl cyclic ketone CeH,, O 7.300 0.07
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%3 1(Continued Tab. 1)
I fesrt e B e
No. Compound Molecular formula (min) (%)
7 Ik 2 Furan methanol CsHg 0, 7.565 0.10
8 2-T'fi 2-butanone C,H; O 7.620 0.17
9 5-H1 -2 (3H) -BE AR 5-methyl-2 (3H) -furan ketone CsHg0, 8.010 0.07
10 1-( LT E AL ) 2-TH T 1-(acetoxy) -2-acetone CsHg 03 8.090 0.38
11 2,5- " H S B DU S K 2 ,5-two methoxy tetrahydrofuran CeH;, 04 8.470 0.25
12 ZE79 phenol C¢HgO 9.263 0.01
13 2-F JL R TR 2-methyl cyclic ketone CeH,00 9.280 0.44
14 215 Mg 3 2, i 2-furan ethyl ketone C,Hg 0, 9.465 0.41
15 2,5-C0 ] 2 ,5-hexanedione CeHyo0, 10. 080 0.05
16 6-H L3 -Fi bt 6-methyl-3-propargyl CgH,, 10.370 0.09
17 2-F1 H-1,3-1% %% 2-methyl-1 ,3-cyclopentadiene CeHyg 10.610 0.06
18 (E,E)2,4-B — %W (E,E) 2 ,4-trans aldehyde C, ;0 10. 950 0.07
19 5-H L2 B 5-methyl-2-furfural CeHe 0, 11.105 1.18
20 3,3- " H2-T i 3,3-two methyl-2-butanone CgH,,0 11.165 0.30
21 1-( Z A 5L ) 2- T 1-(acetoxy) -2-butanone CoHy0,4 11.255 0.29
22 212 P /5% P /g 2-furan methyl formate CgHg O, 11.500 0.18
23 5L H T RS Phenyl carbamate C,H,NO, 11.720 0.17
24 44 AR T 1S Methyl 4-oxopentanoate C¢H,, 0, 11.870 0.03
25 B2k L Acetic acid-2-furan methanol ester C,Hg 0, 12.055 0.18
26 T AT TEE Allyl butyrate C,H,0, 12.345 0.07
27 1-(2-We M3 ) -1 - P = ( 2+furan ) -1-acetone C,H; 0, 12.410 0.07
28 3-F BL34 R 3-methyl cyclic ketone CeH,,0 12.835 0.30
29 3,4- " 2 5-0 08 3 ,4-two methyl-2,5-furan two ketone CeHg 04 13.015 0.07
30 2,3- B2 BRI -1 - 2, 3-dimethyl-2-cyclopentane-1 -one C,H,,0 13.115 0.24
31 1-H1 BL4-F A HEHE 1-methyl4-nitroso benzene C,H,,NO 13.380 0.13
32 2-H1 B2 2-methyl phenol C,Hg0 13.630 0.26
33 LA Acetyl benzene CgHg O 13.920 0.05
34 2-FL48 S 4-F L5 ) 2 -methoxy—4-methyl phenol CgH,0, 13.962 0.02
35 AR Guaiacol C,Hg0, 14.430 7.23
36 3-Z 3252 FL2-FRfi 3-ethyl-2-hydroxy-2-cyclopentane C7HI20 14.520 0.08
37 iR P i Methyl benzoate CgH; 0, 14.630 0.33
38 2,6-—HIJEHE 2,6-two methyl phenol CgH,;30 14.900 0.07
39 2-FH FL IR FF IR 2-methyl benzofuran CoHgO 14.945 0.11
40 3-2 B2 F2FE2- 3 47 -1 -1 3-ethyl-2-hydroxy-2-cyclopentane-1-ketone C,H,,0, 15.075 0.08
41 5-2, 524 5-ethyl-2-furfural C,Hg0, 15.355 0.05
42 2,3- " HIEHEH 2 ,3-Dimethylphenol CgHy30 15.855 0.09
43 3-$2 K2 2T 3-hydroxy Acetophenone CyHg 0, 16. 100 0.11
44 4-(5-FP 20K 4L ) 2-T i 4-( 5-methyl-2-furan ) 2-butanone CgH), 0, 16.205 0.32
45 2,5- " HIEHER 2,5-two methylphenol CgHy30 16.285 0.70
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2:5% 1( Continued Tab. 1)

5 i pys  WEMEL R
No. Compound Molecular formula R elative content
(min) (%)
46 4-F B AT A AR 4-methyl guaiacol CgH,0, 16.750 13.13
47 3,4- " HEIEH L 3 ,4-two methoxy toluene CoHs 17.650 0.15
48 3,4,5-=H4EHPH 3,4, 5-trimethoxy toluene CoH,, 04 17.684 0.01
49 3,5- " HEFEH K 3,5-two methoxy toluene CoHs 18.265 0.08
50 X} B AE ik 2 FEZR ) P-methoxy ethyl phenol CoH ), 0, 18. 445 3 96
51 2-HH 4 34~ 2,075 BEFE 1} 2 -methoxy-4-vinyl phenol CoH,00, 19.125 011
52 2,6- " F A FEHE) 2,6-two methoxy phenol CgHis 19.785 2.01
53 1,4-— B4 32 ,3-Z H1 3% 1,4-two methoxy-2,3-two methyl benzene ~ C,oH,, 0, 19960 0.10
54 2-FH 4 F 4 - FL IR 1) 2-methoxy-4-propyl phenol CioH,40, 20. 095 0.60
55 1,2,3-=H 4 3H 1,2 ,3-trimethoxy benzene CoH 504 21,470 3.04
B 73 A= | <) e \ =3
26 Phenylacel/j: i%j:ifoxgyj:iifﬁf)%i;iﬁﬁ )p?;inol) ester CisHis0; 21.600 0.84
57 1,2,3-=F & 3-5-F 54 1,2, 3-trimethy]l methoxy-5-methyl benzene CoH, 0, 22.755 1.32
58 4-¥2 353 -F A JEHE N 4-hydroxy-3-methoxy acetone CioH, 0, 22.850 0.03
59 2,6- " H B A FILIEE) 2 ,6-two methyl-4-nitrophenol CgHsO5N 24.090 0.54
60 1-(2-FRAE 2 HE ) 2-l 5 2.4 1-(2-methoxy phenyl) 2-nitro ethylene CyHoNO4 25.090 0.03
61 2,6- B 34~ (2-T M5 3L ) ZE) 2 ,6-two methoxy4-(2-allyl) sphénol . C,1H,; 0, 25.530 0.45
62 4-7, R IE-3- 47 4-acetyl-3-carene CpHig0 26.525 0.07
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1.32% R A WTE 12 h INFRE S
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Table 2 Regression equations and linear ranges of the 10 reference substance
Xt Lty B KR AL
Reference substance Calibration curve r Linear range
(ug/mL)
RS Furfural Y =82.043 X +8.5756 0.9992 2483 ~ 6208
B AR Guaiacol Y =167.6 X +3.1279 0.9997 170.4 ~ 426
2,6- 1 HA R} 2 ,6-Two methyl phenol Y =587.43 X-1.2493 0.9999 276~ 6.9
2-F FLFK W 2-Methyl phenol Y =420. 65 X-6.2537 0.999%4 15.6 ~ 41.85
1 Phenol Y =471.26 X-7.6801 0.9994 1707 ~44.25
2-F 45 Fik 4 - FF LK ) 2-Methoxy<4-methyl phenol Y=194.74 X-2.1463 0.9996 180.42" ~ 451.05
2,6-" F & LK) 2,6 Ttwo methoxy phenol Y =259.77 X +5.9244 0.9995 156.6 ~ 391.5
PO & A 2 Ay Tetrachloroguaiacol Y =828.94 X-1.8781 1.0000 10.86 ~ 27.15
1,2,3-=H 43I 1,2,3-Trimethoxy benzene Y=383.8 X +0.0124 0.9996 8.94 ~ 22.35
3,4,5-=HI4E3LH 43 ,4,5 Trimethoxy toluene Y =399.03 X +5.6547 0.9993 1.32 ~ 2.4

2.3.5 JeAunk F4K 5%

T, A S A AR o3 H AR [ i R A
B 0 2 B LS % 08, 40 B AGE Xt RSD i, 8550 W3 INFE RN 300 72 25 S A5 A 41

MR VAR, P IR 2. 2. 37 R O ik A Al i 20K,

R3 HEmMELKERLER

Table 3 Recoveries results of targeted standards in_samples by three spiked levels

2 a7 3%
6 e RSD
Reference substance ampry Tecovery (%)
(%)
HERE Furfural 102.44 +3.54 3.51
f B AR Guaiacol 101.26 +4.59 4.53
2,6- " F LI} 2 ,6-Two methyl phenol 101.89 +3.45 3.34
2-H ZLZK 1 2-Methyl phenol 100.06 £3.65 3.59
K% Phenol 101.68 +3.87 3.81
2-H 45 Fk 4 -F ELOK ) 2-Methoxy4-methyl phenol 102.19 £3.04 2.98
2,6- " H S FTFE ;2 ,6-Two methoxy phenol 101.52 +3.71 3.63
PO S A A AWy Tetrachloroguaiacol 101.75 +4.66 4.57
1,2,3-=H%JL7% 1,2 ,3-Trimethoxy benzene 101.91 £3.15 3.06
3,4 ,5-= W& FEH 7K 344, 5-Trimethoxy toluene 100.26 +3.63 3.56
PA | (A) 4 . )
250 i T
200 6 N ‘
150 9
100 | ’ o ‘I \ ‘
| ! [
50 . | ! N, 11l
f J ol ALl d‘wx“«;“‘! VUL
0o L J‘\ L jL—‘ -l . 1 S Wil
5‘ 1‘0 lls 2'0 10 20 ‘min

B2 WisTE#m GC-FID
Fig. 2 GC-FID chromatograms of (A) 10 standards and (B) hawthorn seeds dry distillated oil samples
T LB 2. R0 ;3. 2- R 4. AIKREY ;5. 2,6- " IR ;6. 2- 11 Sk 4- T 50 7. ISR B K58, 1,2,3-= 142 759. 2,6~

T A ELFER10.3,4,5- = AL 5

1. furfural ;2. phenol ;3. 2-methyl phenol;4. guaiacol;5.2,6-two methyl phenol ;6. 2-methoxy-4-methyl phenol ;7. Tetrachloroguaiacol ;8. 1,2 ,3-trime-

thoxy benzene ;9.2 ,6-two methoxy phenol;10.3,4,5-Trimethoxy toluene
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Table 4 Content of 10 compounds in hawthorn seeds dry distillated oil

2-H4& . . 3,4,5-=
2,6-—H 2,6-—H - 1,2,3-= P
i 2-F Jk4-p cl DY S A e CikzR1
) AT o e e T & < HL A
wn MR mekm AP oem ey em TR gy TR T
-~ Furfural  Guaiacol OTIYO ) Methyl > - SO ¥ 1.2g8- -
urfura uaiaco ethy Phenol 2-Methoxy Tetrachloro . 3,4,5
Lot number methyl methoxy . Trimethoxy /
(mg/mL)  (mg/mL) henol phenol (mg/mL) 4-methyl henol Guaiacol I Trimethoxy
( paen0L> (mg/mL) phenol ( P inOL) (mg/mlL) ( )enzen]f,) toluene
mg/m (mg/mL) mg/m mg/m (mg/mL)
20170701 4.1421 0.2520 0.0047 0.0289 0. 0269 0.2719 0.2683 0.0170 0.0156 0. 0021
20170702 4.2930 0.2876 0.0047 0.0270 0.0290 0.3099 0.2617 0.0176 0.0161 0.0019
20170703 4.1716 0.2774 0.0043 0.0270 0.0290 0.3063 0.2590 0.0181 0.0161 0.0019
20170704 4.0935 0.3062 0.0050 0.0298 0.0299 0.2760 0.2590 0.0202 0.0169 0.0019
20170705 4.2553 0.2891 0.0049 0.0270 0.0286 0.3078 02590 0.0182 0.0151 0.0031
20170706 4.1822 0.2653 0.0045 0.0287 0.0303 0.2724 0.2617 0.0182 0.0107 0.0004
20170707 3.9031 0.2675 0.0042 0.0272 0.0290 0.2786 0.2629 0.0179 0.0140 0.0019
20170708 3.9153 0.2712 0.0047 0.0256 0.0290 0.2976 022556 0.0169 0.0143 0.0019
20170709 4.1772 0.3140 0.0045 0.0291 0.0312 0.3494 0:2552 0.0186 0.0156 0.0031
20170710 4.3250 0.2912 0.0049 0.0296 0.0292 0.3114 0.2610 0.0201 0.0159 0.0029
20170711 3.9922 0.3042 0.0043 0.0279 0.0301 0.3474 0.2683 0.0196 0.0161 0. 0009
20170712 4.0887 0.3091 0.0049 0.0263 0.0297 0.3202 0.2621 0.0166 0.0156 0.0026
20170713 4.2465 0.2590 0.0045 0..0260 0..0301 0.2822 0.2652 0.0181 0.0133 0.0016
20170714 3.9913 0.2953 0.0049 0.0310 0.0312 0.2965 0.2617 0.0169 0.0143 0.0031
20170715 4.3051 0.2714 0. 0045 0.0272 0.0288 0.2832 0.2544 0.0177 0.0138 0.0031
sl
Mean value  4.1388 0.2840 0. 0046 0.0279 0.0295 0.3007 0.2610 0.0181 0.0149 0.0022
(mg/mlL)
N 1= S, [ DRV N
o S BRI P 5 7
3 WiR54iE
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7%, o3I HEA T 3 FhJ5 TR T A B it 1 4], 445

SR INTCAK B A a8 A P A5 1) 33 PR ARG DU
TR AR S | AW o LU ABISES H , WAEFE 0 B R A
Uf BEZP AR IR TN TE K £ T fife i DB R4

3.3 ARSEFELL T HP-5 (R W LR AR E
M H (30 m x 0. 20 mm x 0. 33 um) fl a-
DETTM120(30 m x 0.25 mm X 0.25 um) FfiA
[FIZE ALY (A 54T, 45 SR W] HP-5 (3R WP LRk 4AU)
APEHEF (30 m x0.20 mm x 0. 33 pum) 154
I3 BRCRAF AERGE , PRI E HT i g A

3.4 ARSEFIH GC-MS BB ARXT A AL 1587
BT AT B A A B 62 N (IR 1),
Al o PR EUTT TS AL, 28 N T At S NIST2008 Fr
T PEAG 2R P, DA T AR — Ak 7 10845 1 A3 A
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